When the protocols called for infusions, these were administered into the jugular vein through finegauge polyethylene tubing and delivered from a syringe pump. The infusions were either 10 % mannitol in 50 mM NaCl, administered at .O5 ml/min, or 0.9 % NaCl, administered at 0.4 ml/min. In all, 117 hamsters were used. Except for the animals used for measurements of tubular diameter, each hamster was studied only in hydropenia or in one of the diuretic states. In the group of animals from which tubular diameters were measured, a comparison was made in each animal between hydropenia and one of the diuretic states.
The left kidney was prepared for micropuncture and illuminated as previously described ( 17, 19, 20 One solution was isotonic NaCl, the second was 1.2 M NaCl, the third contained 200 mM NaCl, 60 mM KCl, and 120 mM K$Od. The calibration curves were linear over the entire calibration range, which was O-50 mmHg, and the calibration values from any one of the solutions were within 1 mmHg of the values for each of the other solutions at any given pressure+ The limits of resolution were 1 mmHg. Neither in hydropenia nor in the diuretic states was there a significant pressure difference. In the three states studied, all of the pressure loss in the collecting duct system was experienced in the terminal 1.5 mm; in the diuretic states, most of this pressure loss occurred at the orifices of the ducts of Bellini.
To evaluate the contribution of the ureter to the fluid resistance of the system, a series of pressure measurements was made in the cortex of animals with the pelvis and ureter intact. Table 4 compares the value from this series with the results from the animals from which the pelvis and ureter had been excised. Only in saline diuresis did the presence of the ureter have an appreciable effect; proximal and distal values were 3-4 mmHg higher when the pelvis and ureter were in place. Since the highest urine flow rates were found in saline diuresis, the data suggest that a pressure drop in the ureter may influence Henle were : hydropenia, 6; mannitol diuresis, 8 ; saline diuresis, 8. There were two major pressure drops in hydropenia, one along Henle's loop and a second in the terminal regions of the collecting ducts. (The Ringer pool surrounding the papilla was set at atmospheric pressure.) The pressure drop along the loop of Henle has been known for some time (13) ; the collecting duct pressures reported here agree closely with values published recently in an abstract (23). The values in hydropenia are a few millimeters Hg lower than usually reported in the adult rat (1, 9), but the same as has been found in young rats ( 1). Both mannitol and saline diuresis produced similar changes. The pressures in all tubular structures were higher than in hydropenia, and, despite the higher flow rates along all regions of the tubule, the pressure drop along the tubule was reduced.
The collecting duct pressures listed in Table 2 are averages of all measurements, irrespective of where on the papilla the value was taken. Figure  1 shows collecting duct pressure as a function of distance from the tip of the papilla, where the collecting ducts drain into the pelvis. The collecting duct pressures in the diuretic states were uniformly higher than in hydropenia, but the hydrostatic pressures in diuresis at any given distance were only about wished to determine whether the vasa recta pressures reflected the pressure elevations in loops of Henle and collecting ducts that accompanied the diuretic states. Although the vasa recta pressures rose in the diuretic states, the increase was smaller, both in absolute levels and in proportion to hydropenic values, than the rise in tubule pressures in the papilla. These vasa recta measurements were made in pairs in order to determine the magnitude of the pressure drop across the capillary plexus that intervenes between descending and ascending vasa recta. As is true also of the glomerular and peritubular capillary beds (1, 3), the pressure loss through the inner medullary capillary network is small. Finally, we could not estimate the magnitude of the axial pressure gradient in either ascending or descending vasa recta, because of scatter in the data.
DISCUSSION
When tubular fluid flow rates increased above hydropenic levels, the hydraulic resistance of the tubular system became virtually equivalent to the resistance of the last 1.5 mm of the collecting duct system, and most of the pressure drop was across the ducts of Bellini. In hydropenia, the resistance was divided between the loop of Henle and the terminal 1.5 mm of collecting duct. All segments of the nephron, even the terminal collecting ducts and the ducts of Bellini, dilated when tubular fluid flow rates increased, presumably because the local transmural hydrostatic pressure difference increased.
The most plausible explanation for the shift of resistance to the ducts of Bellini is that these structures sustain a proportionately greater increase of flow than the more proximal regions of the nephron and do not dilate in proportion to the increase of flow. For example, with the saline loads used in this study, flow rate in loops of Henle of juxtamedullary nephrons increases fivefold (18). Since there is little or no reabsorption of fluid along the ascending limb, the increase in radius, assuming HagenPoiseuille flow and a circular cross section for the tubule, would have to be about 50 % simply to maintain the pressure difference observed between the loop and the distal tubule in hydropenia.
But the pressure drop between these two measurement sites decreased nearly to zero as flow increased, so the increase of radius of the ascending limb must have exceeded 50 %. In contrast, the flow across the ducts of Bellini increased 15-fold in mannitol diuresis and 20-fold in saline diuresis, but the radius increased only 35 %.
The pressure drop across the last 250 pm of collecting duct was 3.8 times greater in mannitol diuresis than in hydropenia and 3.2 times greater in saline diuresis. Again assuming Hagen-Poiseuille flow, the computed radius increases are 39.6 % in mannitol diuresis and 33.6 % in saline diuresis. In view of the imprecision of radius measurements made from photographs with the axis of the tubule in the plane of the kidney surface and the fact that the fourth power of the radius is used in calculating the flow resistance, the agreement between measured and computed radius changes is acceptable.
Unfortunately of this finding is that ureteral Aow is both laminar and peristaltic at high urine flow rates (2, 2 1) Despite the fact that the peristaltic rate increases with increased urine flow rate (6), the fluid-carrying capacity of this system is limited even at flow rates encountered with a moderate saline diuresis. At low flow rates, peristalsis has the effect of holding pelvic pressure close to atmospheric. When pelvic pressure rises, the effect is to add a fluid resistance that did not exist at lower flows. This ureteral resistance should be differentiated from collecting duct resistance in a fluid mechanics analysis. The result of opening the renal pelvis is to remove this resistance, so that the measured glomerular filtration rates and urine flow rates in saline diuresis are probably underestimates of the flows present in the experiments with the papilla exposed. Hydrostatic pressures in the vasa recta were less than the probable colloid osmotic pressure of vasa recta plasma, because, as is well known, glomerular filtration raises the protein concentration of vasa recta plasma (12, 24, 27) 
